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The order of Spikemosses, or Selaginellales, is
represented by a single family, the Selaginellaceae,
constituting a single genus, Selaginella. Comprising
about 750 living species, this family however, does
not form a prominent part of the world’s vegetation.
Selaginellaceae is easily recognized by their
dichotomously branching stems that bear ranks of
minute leaves in two different sizes (Jermy 1990).
The branching systems of Selaginellaceae which can
either be pseudopinnate or flabellate are  important
characters  for identification and classification of the
species in the genus (Wong 2010). Selaginellaceae
is a cosmopolitan family with great diversity and its
primarily found in the tropical rainforest (Korall et
al., 1999).
Previous systematic studies had reported
division of the Selaginellaceae family into
numerous groups such as Selaginella Pal. Beauv.,
Ericetorum Jermy, Tetragonostachys Jermy,
Stachygynandrum (Pal. Beauv.) Baker and
Heterostachys Baker (Spring, 1850; Baker, 1883;
Hieronymus, 1901; Walton and Alston, 1938; Jermy,
1986; Wong, 1983 & 2010). In Malay Peninsula, the
genus Selaginella is represented entirely by the
species belonging to subgenus Heterophyllum
Hieron. Subgenus Heterophyllum Hieron.
characterised by dissimilar-sized leave, contains a
larger number of species with predominant tropical
distribution, in comparison to subgenus Selaginella
Baker, characterised by similar-sized leave, has a
smaller number of species which are mainly found
in temperate regions.
In Malaysia, the classification of this family was
performed based on morphological characters by
Wong (1983 and 2010). Present study aimed to
construct a phylogenetic tree to observe the
relationship between species of Selaginellaceae in
Peninsular Malaysia  using molecular data from
chloroplast genome (rbcL and atpB). Wong
(2010) classified genus Selaginella to subgenus
Heterophyllum Hieron., with the following
description; leaves in four ranks along the branch
axes and distribution in mainly tropical region and
the only group encountered in Peninsular Malaysia.
The latter subgenus in Peninsular Malaysia appears
to be naturally divided as Section Homostacheae
(with monomorphic sporophylls and cylindric-
quadrangular strobili) and Section Heterostachyeae
(with dimorphic sporophylls and bilaterally
symmetrical strobili) in the system of Ridley (1919),
who gave the first account of Selaginella in the
Malay Peninsula.
Taxonomy and nomenclature of the species
were according to Wong (1983 and 2010).  A total
of 16 taxa were used in this study; Selaginella
argentea, S. frondosa, S. plana, S. ornata, S.
roxburghii var. roxburghii, S. intermedia var.
intermedia, S. intermedia var. dolichocentrus, S.
mayeri, S. alutacia, S. minutifolia, S. morganii, S.
pubescens, S. repanda, S willdenowii, S. stipulata
and S. wallichii (see Table 1). Huperzia lucidula
(Lycopodiaceae) and Isoetes laosiensis (Isoetaceae)
were choosen as outgroup. The sister-group
relationship between Selaginellaceae, Lycopodiaceae
and Isoetaceae has been confirmed in several studies
by morphological data (Kenrick and Crane, 1997)
and molecular data (Kranz and Huss, 1996;
Wikstrom and Kenrick, 1997; Korall et al., 1999).
Total genomic DNA was extracted from silica-
dried or fresh fronds using modified CTAB
procedure (Doyle and Doyle, 1987). Primers rbcL of
Korall et al. (1999) and “atpB49”, “atpB1592” of
Wolf (1997) were used for PCR amplification from
genomic DNA and for sequencing. Twenty-five µl
PCR reactions contain 0.5 µl Taq DNA polymerase,
5 X buffer, 25 mM MgCl2, 2.0 mM dNTP, and 0.2
mM DNA templates. Reactions were incubated at
94ºC for 5 min, then subjected to PCR cycle for 35
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times (94ºC for 1 min, 40-60ºC for 30 sec, and 72ºC
for 2 min), followed by a final extension of 10 min
at 72ºC. Double stranded products were purified
using Purification Kit for PCR (Vivantis, Malaysia).
Purified products were sent to external company,
First Base, for sequencing.
DNA sequences were edited and aligned using
BioEdit and CLUSTAL W (Thompson et al., 1994).
Maximum Parsimony (MP) analysis was performed
with PAUP 4.0b10 (Swofford, 2002) using the
heuristic search option with 100 random
replications. Bootstrap analysis (Felsenstein, 1985)
was performed with 1,000 replicates to evaluate
internal support.
The 2891 nucleotide segment of the combine
data rbcL and atpB genes revealed no insertions and
deletions. Among the sampled species, there were
353 variable sites (12.2%), of which 533 (18.4%)
were phylogenetically informative. The length of the
existence trees are 1244 steps, a consistency index
(CI) of 0.7934, and a retention index (RI) of 0.8085.
Phylogenetic analysis of combined dataset
including indel-coded information was formed under
parsimony inference. The results showed all species
of Selaginellaceae studied were divided into four
groups which are Group A, Group B, Group C and
Group D with highly supported bootstrap values
ranging at >90%.  Group A includes S. roxburghii
var. roxburghii, S. intermedia var. intermedia and
S. intermedia var. dolichocentrus while Group B
included S. ornata, S. pubescens, and S. repanda.
Group C divided to two subgroups (namely C1 and
C2 with highly supported (bootstrap values = 100%).
The first group (C1) contains S. minutifolia, S.
morganii and S. alutacia which have close
relationships of bilateral strobili. The second
subgroup (C2) contains S. stipulata and S. wallichii,
S. frondosa, S. plana, S. willdenowii and S. mayeri
as a basal group for group C. The last group is Group
D with S. argentea with high bootstrap values =
100%.
Results are consistent with monophyly of
Selaginellaceae (Fig. 1), supported by the previous
studied by Korall and Kenrick (2002). Despite
its large size (700 species), only a handful of
taxonomic groups are widely recognized within
Selaginellaceae. Monophyly of the topology has
been supported previously by three molecular
studies that sampled some of the species of the
group based on rbcl region e.g. Therrien et al.
(1999), Therrien and Haufler (2000) and Korall and
Kenrick (2002).
Fig. 1. Strict consesus of most parsimonious trees. Values above branches indicate bootstrap values > 50%.
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Based on the results from combined data of rbcL
and atpB, group A contains both pseudopinnate
arrays with smaller axes obviously dichotomized
and tetragonous type of strobilus. Group B contains
species that occur at higher altitudes. Group C1
comprises the species with bilaterally symmetrical
strobili and a very small size of plants compared to
other species of Selaginellaceae while group C2
comprises those species with a fan-shaped or
flabellate array, in which no apparent unidirectional
main branch axis is recognizable. The last group
with single species S. argentea that has ciliolate to
ciliate with basally distended upper margin and
median leaves with arista often 1/3 to ½ lamina
length.
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